BACKGROUND: Age at menarche is known to be regulated by genetic and environmental factors. To date, no menarcheal data are available on North Korean women. In this cross-sectional survey, we investigated age at menarche and its possible influencing factors in North Korean refugees. METHODS: Four hundred and eleven North Korean refugees were surveyed at a North Korean female refugee camp using a structured questionnaire within 3 months of immigration. Menarcheal age was requested and the data obtained were analysed with respect to age at interview, region of residence in North Korea, education, food preference and sleep duration. RESULTS: Mean age at menarche was 16.0 ± 2.1 years (mean ± SD). Univariate analysis demonstrated a significant difference in the menarcheal age among the different food preference groups (P = 0.0236). Sleep duration was found to be significantly and negatively correlated with age at menarche (R = -0.23, P < 0.0001). However, generalized linear model (GLM) analysis revealed that region of residence at menarche (P = 0.0209) and sleep duration (P = 0.0007) were significant determinants. Food preference played a role as an effect modifier in the relationship between the region of residence at menarche and age at menarche. CONCLUSION: Age at menarche seemed to be delayed in North Korean refugees. GLM analysis showed that sleep duration and region of residence at menarche were significant influencing factors of age at menarche in this study population.
Introduction
Menarche, the beginning of menstruation, has important implications not only in terms of the possibility of child-bearing, but also because age at first menses is related to several pathologic conditions such as breast cancer (Gilani and Kamal, 2004; ESHRE Capri Workshop Group, 2004) , endometriosis (Missmer et al., 2004) and bone density response to calcium supplementation in later life (Chevalley et al., 2005) . Moreover, convincing evidence indicates that menarche is regulated by a variety of environmental factors (Speroff and Fritz, 2005) .
The Korean peninsula has been divided into two countries since the mid-1940s. North Korea has a unique environment, and thus North and South Korean women might be expected to experience menarche at different ages though they share the same genetic backgrounds. Volumes of menarcheal data and statistics are available on various ethnic groups, including South Korean women (Hwang et al., 2003) . However, no published data are yet available on North Korean women.
Though the North Korean refugees cannot be viewed as wholly representative of the North Korean female population, we considered that an investigation of North Korean refugees should provide an indirect but quite a reflective measure. The authors performed the present study to determine age at menarche among North Korean female refugees and to identify influencing factors. Since all study subjects had experienced menarche whilst living in North Korea and had immigrated <3 months prior to the survey, their age at menarche is a solid variable independent of the psychophysical stress that they had experienced during their emigration. The age at menarche of this group of women may probably reflect the environmental conditions including lifestyles when they lived in North Korea.
Materials and methods

Design and samples
This cross-sectional survey was conducted at a North Korean refugee camp. Four hundred and eleven subjects were recruited. All had experienced menarche whilst living in North Korea and had immigrated <3 months prior to the survey. All participants provided informed consent. Research assistants met the subjects on a one-to-one basis and explained the purpose of this study. A structured questionnaire was used and data were collected by direct interview. Age at interview, parity, body weight and height, age at menarche, region of residence at menarche, education, food preferences, sleep duration, religion, current alcohol intake and age at menarche of mother and sisters were included in the questionnaire.
Statistical analyses
For each independent variable, differences in age at menarche were analysed for categorized subgroups. SAS for Windows (Version 8.02, SAS Institute Inc., Cary, NC, USA) was used for the statistical analysis. Age was categorized as ≤24 years, 25-29 years, 30-34 years and ≥35 years. Region of residence at menarche was dichotomized as 'Hamkyungbuk-do' or 'Other provinces', since ∼70% of the study subjects were from Hamkyungbuk-do province. This province is the northernmost region of North Korea with the lowest temperature, most of the region being mountainous. Education was trichotomized as 'elementary school or lower', 'middle or high school' and 'university or higher'. Food preference was also trichotomized as 'meat, fish and dairy', 'rice and starch', or 'fruits and vegetables', as was sleep duration as ≤5 h, 6-7 h and ≥8 h. Differences in the mean levels of continuous variables were analysed using the t-test and by one-way ANOVA (analysis of variance). Pearson correlation analysis was used to analyse continuous variables. Relevant variables were selected and subjected to generalized linear model analysis. Table I summarizes the general characteristics of the study population. The mean age of the study subjects was 31.3 ± 6.2 years (mean ± SD), and age at menarche was 16.0 ± 2.1 years. Mean subject height was 155.1 ± 4.8 cm, weight 52.0 ± 7.0 kg, and body mass index (BMI) 21.6 ± 2.6 kg/m 2 . Information on BMI at menarche was unavailable (Table I) .
Results
The mean age at menarche decreased from 16.3 years for those aged ≥35 years to 15.9 years for those aged 30-34 years, and to 15.5 years for those aged 25-29 years (P = 0.0316), which corresponded to a -0.4 year/5-year reduction. However, contrary to any trend, the ≤24 year group showed delayed menarche versus the other groups (Table II) .
The study subjects were from 11 different provinces in North Korea. Women from Hamkyunngbuk-do were far more numerous than those from other provinces. Univariate analysis showed no significant difference between these two groups in terms of menarcheal age. In addition, age at menarche was not found to be related to education level (Table II) .
However, food preferences were associated with age at menarche differences. Women experienced their first menses at 15.9 ± 2.1 years in the 'rice and starch' group, 15.6 ± 2.0 years in the 'meat and fish' group, and 16.4 ± 2.2 years in the 'fruits and vegetables' group (P = 0.0236). Thus, individuals in the 'meat and fish' group experienced menarche at a lower age (Table II) .
Sleep duration showed significant differences. Women experienced their first menses at 16.8 ± 2.3 years in the ≤5 h group, 16.0 ± 1.9 years in the 6-7 h group, and 15.3 ± 1.9 years in the ≥8 h group (P < 0.0001). Women with longer sleep duration showed an earlier menarche (Table II) .
Pearson correlation analysis revealed that age at menarche was strongly positively correlated with that of sisters (R = 0.51, P <0.0001). A strong negative correlation was found between age at menarche and sleep duration (R = -0.23, P <0.0001).
Generalized linear model analysis identified region of residence at menarche and sleep duration as significant determinants of age at menarche and that age, food preference and education were not (Table III) . Food preference played a role as an effect modifier in the relationship between region of residence at menarche and age at menarche. Although the 'meat and fish' (Hamkyungbuk-do 15.9 ± 2.2 years versus others 15.8 ± 1.7 years, P = 0.8270) and the 'rice and starch' (Hamkyungbuk-do 15.7 ± 2.0 years versus others 15.5 ± 1.9 years, P = 0.6930) subgroups showed no differences in age at menarche with respect to region of residence at menarche, the 'fruits and vegetables' subgroup showed a statistically significant difference (Hamkyungbuk-do 16.8 ± 2.1 years versus others 15.7 ± 2.1 years, P = 0.0116).
Discussion
Our study is the first to report on age of menarche in North Korean women. The main purpose of the present study was to determine age of menarche and to identify the influencing factors. Although the study subjects could not be taken to represent North Korean women, we speculate that North Korean refugees in their 20s or 30s experience a late menarche. Age at menarche of North Korea refugees (16.0 ± 2.1 years) as determined by this study differs from those reported in America (12.1 years in African-Americans and 12.7 years in Caucasians) (Speroff et al., 2005) and in South Korea (12.7 years) (Hwang et al., 2003) , which may be attributed to differences in genetic and environmental factors. An analysis of the US Third National Health and Nutrition Examination Survey showed an ethnic difference in age at menarche (Wu et al., 2002) . Environmental factors may probably have played an important role in making a difference in menarcheal age, especially in the case of Korean women who are of one race.
Mean menarcheal age in the study subjects decreased from 16.3 years (≥35 years) to 15.9 years (30-34 years), then to 15.5 years (25-29 years), corresponding to a decrease of -0.4 years per 5 years. This decreasing trend conforms to a wellknown decline in menarcheal age over the past years (Speroff et al., 2005) . However, ≤24 year group showed delayed menarche versus the other groups (Table II) . One possible explanation for this delay is economic fluctuations and the accompanying insufficient nutritional status for the youngest groups. In the mid-1990s, repeated natural disasters such as heavy rains and drought struck the North Korean economy (Korea Institute for National Unification, 2004) . Although there are little data available with respect to the economic indices of North Korea, the Asian Development Bank estimated the gross national income (GNI) per capita in 2001 to be low (≤$745) (Asian Development Bank, 2003) .
BMI at menarche is related to age at menarche (Kaplowitz et al., 2001) . However, such BMI data were not available since the study subjects could not remember their weights and heights when they had experienced menarche. We did not analyse the effect of current BMI on age at menarche since current BMI does not have a linear relationship with BMI at menarche.
Food preference was observed to significantly affect age at menarche (Table II , P = 0.0236). This may be just a phenomenal finding. Or, it may be explained by the fact that critical body weight must be reached by a girl to achieve menarche (Frisch and MacArthur, 1974) and that food preference may probably, in part, reflect habitus or weight.
Regarding the effect of region of residence, those from Hamkyungbuk-do comprised ∼70% of our study subjects. No regional differences were found by univariate analysis between those from Hamkyungbuk-do and those from other regions (Table II) . However, multivariate analysis showed that region of residence became a significant determinant of age at menarche after adjusting for age, food preference, education, and sleep duration (Table III) . Hamkyungbuk-do is the northernmost region of North Korea and it is, therefore, possible that the low temperature and other climate differences may affect age at menarche. However, since no difference was found at the univariate analysis level, further larger scale studies are necessary.
Interestingly, in univariate analysis, there was no difference in the age at menarche between refugees from Hamkyungbuk-do and those from other provinces. However, in the generalized linear model analysis, region of residence at menarche appears as a significant determinant. In contrast, food preference in this generalized analysis does not appear as a determinant of the age at menarche, although there was a difference in age at menarche among the three food preference subgroups. Stratified analysis revealed that food preference played a role as an effect modifier in the relationship between the residence at menarche and age at menarche. Although those from the 'meat and fish' and the 'rice and starch' groups showed no differences in age at menarche with respect to region of residence at menarche, those from the 'fruits and vegetables' group showed a statistically significantly different age at menarche (P = 0.0116).
Social class is known to influence age at menarche (El Dosoky and Al Amoudi, 1997). However, it was difficult to classify the social factors in this survey, as the questionnaire used was deliberately constructed to avoid politically sensitive economical or social questions that might reveal information about the social standings of study subjects. The question 'nearest' the issue of socio-economic status concerned education level, but no differences were found between the three different education subgroups in terms of age at menarche (Table II) .
The influence of genetic background on age at menarche was observed in this study as reported previously (Speroff et al., 2005) . A Pearson correlation analysis revealed that age at menarche was strongly positively correlated with the ages of sisters at menarche (R = 0.51, P < 0.0001). However, this relationship was not observed between subjects and mothers, possibly due to the low number of subjects that responded to this question (n = 92).
One point worth noting is that the present study suggests that age at menarche is influenced by sleep duration, i.e. a strong negative correlation was observed between age at menarche and sleep duration (Tables II and III) . If one presumes that Table III . Generalized linear model analyses of the effects of age, food preference, education, region of residence and sleep duration on age at menarche DF = degrees of freedom; MS = mean square values; SS = sum of squares. Age groups: ≤24 = 1; 25-29 = 2; 30-34 = 3; ≥35 = 4. Food preference: meat and fish = 1; rice = 2; fruits and vegetables = 3. Education: elementary school or lower = 1; middle or high school = 2; university or higher = 3. Residence: Hamkyung buk-do = 1; other = 2. Sleep duration: ≤5 h = 1; 6-7 h = 2; ≥8 h = 3. sleep duration reflects a consistent lifestyle, then it may affect menarche as sleep is an important mediator of GnRH secretion, which has known stimulatory effects during puberty (Boyar et al., 1972) . This study has some potential limitations. First, its crosssectional design is vulnerable to information bias due to recall inaccuracies. Secondly, our study subjects might not well represent the North Korean population as described previously. Thirdly, the information obtained may have been biased by the political sensitivities of our study subjects, i.e. it is possible that there was a differential bias. However, we believe that any information bias would probably be non-differential, since the study subjects had a relatively low level of education (Table II) and thus were unaware of the political implications or otherwise of age at menarche and/or of its influencing factors. In fact, the majority of the study subjects had emigrated for non-political reasons.
In conclusion, we report on age at menarche among a population of North Korean refugees and on its influencing factors. Region of residence, food preferences and sleep duration were found to influence menarche in our study subjects. Further investigations are needed to evaluate the effects of genetic factors such as estrogen receptor gene polymorphism on age at menarche.
